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EFFECT OF SILTS POD ON THE TRANSONIC AERODYNAMIC
CHARACTERISTICS OF A 0.015-SCALE SHUTTLE
ORBITER MODEL (44-0) TESTED IN THE
NASA/LaRC 8-FOOT TPT

(rA111)

ABSTRACT

A study has been made to determine the effect on the aerodynamic
characteristics of the Shuttle Orbiter resulting from the addition of
tﬁé‘éhuttle Infrared Leeside Temperature Sensing (SILTS) pod to the tip
of the vertical tail, The pod is a recent addition to the Shuttle and
will contain a camera system to take infrared photographs of the upper
surface of the Shuttle during re-entry. These photographs will be used
to determine leeside heating. There was concern that the pod might
have an effect on the aerodynamics of the Shuttle, particularly the
lateral-directional characteristics and rudder effectiveness. Wind
tunnel tests were therefore made with an 0,015-Scale Orbiter Model with
aﬁé without SILTS pod over a Mach number range from 0.6 to 4,63 in the
Langley 8-Foot Transonic Pressure Tunnel and the Unitary Plan Wind
Tunnels., The t?§B§99i° results are presented herein and supersonic
results in references 1 and 2.

The model was tested in the 8-Foot TPT at Mach numbers of 0.6, 0.8,
0.9, 0.95, 0.98, 1.12 and 1.2 over an angle of attach range from -2° to
as much as 20° at 00 and 2° of sideslip. Tests were also made over an

angle of sideslip range from -6° to 6° at 11° angle of attack.
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* SYMBOL MNEMONIC

a

Cp CP

M MACH

Q Q(NsM)
Q(PsF)

RN/L RN/L

v

a ALPRA

B BETA

) PSI

¢ - PHI

P

w0 Olg (:: o ?

SUBSCRIPTS

gctu o

BREF

IREF

SREF
MRP

XMRP

ZMRP

NOMENCLATURE
General

DEFINITION

 speed of sound; m/sec, ft/sec

pressure coefficient; (p; - pw)/a
Mach number; V/a
pressure; N/m?, psf

dynamic pressure; l/2pV2, N/mg, psf

unit Reynolds number; per m, per ft
velocity; m/sec, ft/sec '
angle of attack, degrees

angle of sideslip, degrees

‘angle of yaw, degrees

angle of roll, degrees
mess density; kg/m3, slugs/ft3

Reference & C.G. Definitions

base ares; m2, £t
wing span or reference span; m, ft
center of gravity

reference length or wing mean
aerodynamic chord; m, ft

wing area or reference ares; m2, £42
moment referenée point

moment reference point on X exis
moment reference point on Y axis

moment reference point on Z axis

base

local

static conditions
total conditions
free stream




SYMBOL MNEMONIC

NOMENCLATURE (Continued )

Body-Axis System’

DEFINITION

Cx

L/D

L/De

CN
CA
cY

CAB

CAF

CIM

CBL

CL
CDh
CDB

CDF

CcY

CIM

CLN
CSL

/D

L/DF

normal-force coefficient; Eefﬂﬂlgfgzgg
it

axial-force coefficient; Efifl_ggisi
q

side-force coefficient; EEES_§2£ES
q

base-force coefficient; Eﬂif_gngi
q
-Ap(pp - Pw)/asS :

forebody axial force coefficient, Cp ~ CAb

pitching -moment coefficient; pitching moment
95/ rEF

yawing-moment coefficient; Xfﬂiﬂﬁgggggﬁﬁ
q

rolling-moment coefficient; r°1112§ moment
43

Stability-Axis System

1lift cocfficient; llgﬁ
q

drag coefficient; 95%5
Q

base-drag coefficient; basesdrag
q

forebody drag coefficient; Cp - CDb

side-force coefficient; §1§§.§2§E§
q

pitching-moment coefficient; Pitching moment

S e

yawing-moment coefficient; 1323255292223
ao

rolling-moment coefficient; rolling moment
qo

1ift-to-drag ratio; Cr/Cp

1ift to forebody drag ratio; Cp/Cp.



NOMENCLATURE (Continued)
Additions to Nomenclature

aileron, total aileron deflection angle,vdegrees,
(left aileron-right aileron)/2

elevon, surface deflection angle, positive de-
flection trailing edge down, (left aileron +
axial-force coefficient unadjusted for base or
sting cavity pressures

speed brake deflection angle, degrees

rudder deflection angle, degrees

bodyflap deflection angle, degrees

left elevon surface deflection angle, positive
deflection trailing cdge down, degrees

right elevon surface deflection angle, positive
deflection trailing edge down, degrees

2
sting cavity area, m , ft2
body length, m, ft.

incremental angle of sideslip, difference
between two or more test runs, degrees

parameter to denote testing with grit GRIT = 1
(grit on), GRIT = O (grit off)

side-force coefficient derivative with respect
to beta, per degree

yawing-moment coefficient derivative with respect
to beta, per degree

rolling-moment coefficient derivative with respect
to beta, per degree

side-force coefficient derivative with respect

SYMBOL MNEMONIC DEFINITION

8, ATLRON

Se ELEVON

right aileron)/2

Cy CA

83 SPDBRK

5 RUDDER
r

SpF BDFLAP

5 ELVN-L
°L

SQR ELVN-R

ASC

Iy

AB DBETA

GRIT

CYB DCY/DB

C, (BODY) DCYNDB
B

Cy (BODY) DCBLDB
B

CYG DCY/DR

r

to rudder deflection, per degree




MNEMONIC

DCYNDR

DCBLDR

DELRUD

CPB1, 2

CPC1, 2

NOMENCLATURE (Concluded)

DEFINITION

yawing-moment coefficient derivative with
respect to rudder deflection, per degree

rolling-moment coefficient derivative with
respect to rudder deflection, per degree

differential rudder deflection, degrees

base pressure coefficients

sting cavity pressure coefficients



CONFIGURATIONS INVESTIGATED

The test model was a 0.015-scale model of the Space Shuttle Orbiter
(figures 2 and 3). The model was constructed at the Langley Research
Center using the nose section forward of full-scale fuselage station
672.8, the vertical tail, and OMS pods from an existing Rockwell model
49~0. The remainder of the model, the wings, elevons, body and SILTS pod
were constructed from Rockwell-furnished line details. A sketch and
photograph of SILTS pod areprésented in figures 2b and 3b, respectively.

The model configuration is summarized as follows:

Orbiter—l4OA/B/C = B26 Cg E43 Fg Ml6 N28 RS S V8 W

, Component Definition

B26 Fuselage per Rockwell Lines VL70-000140A and
VL70-0001408 (quel 55-A00147)

Cq Canopy per Rockwell Lines VL70-000140A and
VL70-000143B (Model drawing SS$-A00147)

E43 Slotted version (6-inch) of E2¢ elevons per
Rockwell VL70-000145 (Model drawing SS-A00147)

Fg Body flap per Rockwell Lines VL70-000145
(Model drawing S$-A00147)

M1i6 OMS/RCS pods per Rockwell Lines VL70-0084010
(Model drawing SS-A00147)

Nog OMS engine nozzle per Rockwell Lines VL70-000145
(Model drawing SS-A00147

Rs Rudder per Rockwell Lines VL70-000146 (Model
drawing SS-A00148)

S SILTS pod per Rockwell Lines VL70-900-015
(Basic control drawing)

Vg Vertical tail per Rockwell Lines VL70-000146A
(Model drawing SS-A00148)

W Wing per Rockwell V70-30-906-01 (Basic control
drawing)

A complete description of model dimensional data is given in table IIT.




TEST CONDITIONS

The tunnel conditions existing during the test are summarized in-
table I and the configurations tested are shown in table II. The model
was sting supported, and the aerodynamic forces and moments were mea-
sured by an internally mounted six-component strain gage balance. In
an attempt to insure turbulent flow over the model, strips of carbo-
rundum grit were applied to the wing, vertical tail, and nose as shown
in figure 2. Model angle of attack was varied from about -2° to 20°
for angles of sideslip of 0° and 2°. Sideslip angles were varied from
-6° to 6° at an angle of éttack of 11°, Angles of attack and sideslip

have been corrected for the effects of sting deflection under load.



TEST FACILITY DESCRIPTION

NASA/Langley Research Center 8-foot Transonic Pressure Tunngl is
an air-medium facility capable of attaining continuéusly variable Mach
numbers from 0.20 to 1.30. It is a single-réturn, closed -circuit
tunnel, having controlled stagnation temperature, total pressure, and
dew-point temperature. The test section is 7.l square feet. Reynolds
numbers are variable from 0.30 x 106/foot to 7.00 x 106/foot, depending
on Mach number and tunnel total-pressure limitations, Models are sup-
ported in the test section by a sting-sector system, but wall-mounting
is possible, Schlieren photography 1is available for flow and shock-

wave studies.

10




DATA REDUCTION

LaRC UT-27-100 six-component strain gage balance was used to meﬁ—
sure model forces and moments. All final data were presented along é
set of body and stability axes (figure 1) through the nominal center of
gravity located at F.S. 1076.7 and FRL 375.0. Drag data presented re-
present gross drag in that no corrections to free-stream conditions in
the base regions have been made, Model data were converted to standard

NASA coefficients using the following constants:

Reference Area S = 0,605 £t.°
ref
Reference Length lref = T.122 in.
= h’o .

Reference Span bref 14,05 in
Total base area excluding

sting cavity A = 0.0615 £t.2
Sting cavity area A = 0.03409 ft.°

SsC

1
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(4h~0) in the LaRC UPWT  (LA11kL)."

12




TABLE I

COMMENTS:

13

TEST ¢ 8' TPT 786 (1A111) DATE ¢ 9-23-77
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE  |[STAGNATION TEﬂPERATURE
_ MACH NUMBER b f
(per foot) (pounds/sq. foot) (degrees Fahrenheit)
0.6 3.5 x 100 L61 100
0.8 3.5 x 10° 576 100
" 0.9 3.5 x 100 625 100
0.95 3.5 x 10° 647 100
0.98 3.5 x 100 659 100
1.12 3.5 x 100 707 100
1.20 3.5 x 108 730 100
BALANCE UTILIZED: __LaRC UT-27-100
COEFFICIENT
NF 600 1b. +3.0 1b,
SF 300 1lb. +1,5 1b.
PM 800 in-1b, +4,0 in-1b.
RM ll-OO in"lb- :':2.0 in-lbo
- 600 in-lb. +3,0 in-1b,
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TABLE I1I.
MODEL DIMENSIONAL DATA

MODEL COMPONENT :__ BODY Bpg

GENERAL DESCRIPTION : Configuration 140A/B Orbiter Fuselage-

NOTE : Bog is identical to Bpy except underside of fuselage has been

refaired to accept W

MODEL SCALE: 0.015 MODEL DRAWING: $S-A00147, RELEASE 12

DRAWING NUMBER : VL70-0001438, -000200, 000205, -006089,
000745, -0001G0A, 000TGOB

DIMENSIONS : FULL SCALE MODEL SCALE
* Length (OML: Fwd Sta. X,=235)-1n.__1293.3 19.400
% Length(IML: Fwd Sta. Xo=238)~In.  }290.3 19.355
* Max Width (@ X = 1526.3) - In. 264.0 3.960
Max Depth (@ X = 1464) - In. 250.0 3.750

Fineness Ratio

Area - th

Max. Cross~Sectional 340.88 0.077

Planform

Wetted

Base

16




TARLE ITI--Continucd
MODEL DIMENSIONAL DATA

MODEL COMPONENT :__ GANOPY - Cg

GENERAL DESCRIPTION : Configuration 3A, Canopy used with Fuselage

B26.
MODEL SCALE: 0.015 MODEL DRAWING: S$S-A00147 , RELEASE 12
DRAWING NUMBER : VL70-000143A/8
DIMENSIONS : FULL SCALE MODEL SCALE
Length (X, = 43L4.643 to 587) 143.357 2.150
Max Width (@ X, = 513.127) 152.412 2.286
Max Depth (@ X, = 485.0) 25.000 0.375

Fineness Ratio

Areg

Maox. Cross~Sectional

Planfarm

Wetted

Base

17




TABLL III—Continued
MODEL DIMENSIONAL DATA

MODEL COMPONENT - SLOTTED ELEVON (6-inch GAP) - Ei

GENERAL DESCRIPTION Configuration IL}OA/B Orbiter elevon.

NOTE : Ey3 is a slotted version of E,.. Data are for one side,

MODEL SCALE: 0.015 MODEL DRAWING: $S-A0014T

DRAWING NUMBER ~_YL70-000-0001L5

DIMENSIONS FULL SCALE MODEL SCALE
Area - Ft2 210.0 0.0473
Span (equivalent) = In. 349.2 5.238
Inb'd equivalent chord = 1M 118.004 1.770
Outb'd equivolent chord/ total 55.192 0.828

surface chord
Ratio movable surface chord/

total surfaze chord

At Inb'd equiv. chord 0.2095 0.2096

At Qutb'd equiv. chord 0.4004 0.4004

Sweep Back Angles, degrees

Leading Edge | 0.00 0.00

Trailing Edge -19.056 -10.056

Hingeline 0.00 0.00
Area Moment (Normal to hinge line) 1587.25 0.00536
Mean Aerodynamic Chord (&), in. 90.7 1.3605

18




TALLE TIT-Continued
MODEL DIMENSIONAL DATA

MODEL COMPONENT :__BODY FLAP -Fg

GENE?AL DESCRIPTION : Configuration 140A/B Orbiter Body Flap.

Hingeline located at X, = 1528.3, 2, = 284.3

MODEL SCALE: 0.015 MODEL DRAWING: $S-A00147, RELEASE 12
DRAWING NUMBER - VL-000140A, VL70-000145
DIMENSIONS FULL SCALE MODEL SCALE
Length (Xg = 1520 To xo = 1613) 93.000 1.395
Max Width (In.) 262.00 3.930
Max Depth (Xg = 1520) - In. 23.000 0.345

Fineness Ratio

2
Area -~ Ft

Max. Cross—Sectional

Planform ‘ 150.525 0.0339
Wetted
Base 41 .8’;722 0.00941

19



TABLE ITI—Continued
MODEL DIMENSIONAL DATA

MODEL COMPONENT :__ OMS Pod (M)¢)

GEh”ERAL DESCRIPTION : Configuration 140D Orbiter OMS Pod

MODEL SCALE: 0.015 MODEL DRAWING NO:  S$S-A00147
VL70-000 140D
DRAWING NUMBER VL70-0084010
DIMENSIONS : FULL SCALE . MODEL SCALE
Length (OMS Fwd Sta X,=1310.5)-In, _ 258.5 3.878
Mox Width (@ X, = 1511) = In, 136.8 2.052
Max Depth (@ X, = 1511) - In. 74,7 1,121
Fineness Ratio 2.484 2484
Area - Ft.2
Mox. Cross—Sectional 58.86h 0.0132
Planform
Wetted
Base

20




TABLE III - MODEL DIMENSIQNAL DATA-Continuad

MODEL COMPONENT: OMS NOZZLES ~ Npg

" GENCPAL DESCRIPTION:

Configuration 140A/B Orbiter OMS Nozzles

-

DRAWING NUMBER:

MODEL SCALE:  0.015 . MODEL DRAWING:

ST-O00TLY
RELEASE 5 (Contour)

DIMENSIONS:

MACH NUMBER
Length- In.

Gimbal Point to Exit Plane
Throat to Exit Plane

Diameter - In.
Exit
Throat
Inlet

Area - ft2
Exit
Throat

Gimbal Point (Station) - In,
‘Left Nozzle
X'U
Yo
Zo

Right Nozzle
X
Y
2

Null Position - Deg.
Left Nozzle
Pitch
Yaw
Right Nozzle
Pitch
Yaw

21

VL70-000145, (location)

FULL SCALE  MODEL SCALE

1518.0 22.770
~88.0 - To1.330
1,90.2 7.380
1518.0 22,770
+843.0 + 1,370
Eg2.0 7.380
- 15%49; 15049
120777 120177
]50)_}9| ]50“9!
12017 1200771




TABLE TIiI—Continued
MODEL DIMENSIONAL DATA

MODEL COMPONENT _RUDDER - Rg

GENERAL DESCRIPTION 2A, 3, 3A, and 140A/B Configuratiéns

MODEL SCALE: ©0.015 MODEL DRAWING: SS-A00148

DRAWING NUMBER VL70-000146A, VL70-000095, V170-000139

DIMENSIONS FULL SCALE MODEL SCALE

* Area Ft2 100.15 0.0225
Span {equivalent)= In. 201.0 3.015
Inb'd equivalent chord ~ IN- 91.585 1.3738
Outb'd equivalent chord = In. 50.833 0.7625

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0.400 0.400

At Outb’d equiv. chord 0.400 0.400

Sweep Back Angles, degrees

Leading Edge 34.83 34.83

Trailing Edge 26.25 26.25

Hingeline 34.83 34.83
Arco Moment (Normal to hinge line) 610.92 0.002
Mean Aerodynamic Chord, - In, 73.2 1.098

22




TABLE III-Continued
VMODEL DIMENSIONAL DATA

MODEL COMPONENT SILTS POD - S

GENERAL DESCRIPTION :

MODEL SCALE: 0.015

DRAWING NUMBER . __BCD V70-300-015

DIMENSIONS : " FULL SCALE  MODEL SCALE

Max. Width-In. 21.333 0,320
Max. Depth-In. 20.200 0.303
Length (Overall)-Tu. 133,600 2,00k

“ineness Ratio

Max. Cross—Sectional

Planform

Wetted

Base

23




TABLE III {Continued)
MODEL DIMENSIONAL DATA - Continued

MODEL COMPONENT .__ VERTICAL - Vg

GENERAL DESCRIPTION Configuration 140A/B Orbiter Vertical Tail

24

MODEL SCALE: 0,015 NUMBER: SS-A00148,
RELEASE 6
DRAWING NUMBER ~__VL70-0C0146A
DIMENSIONS: FULL SCALE MODEL SCALE
TOTAL DATA
Area (Theo) - Ft’ 413.253 0.093
Planform
Span (Theo) - In, 315.720 L.736
Aspact Ratio 1.675 1.675
Rate of Taper 0.507 0.507
Taper Ratio 0,404 0.40%
Sweep-Back Angles, Degrees, . ,
Leading Edge k5,000 Ls,000
“*Trailing Edge 26.2 26,2 ;
0.25 Element Line L1.130 Ly.130
l
Chords:
Root (Theo) WP 268,500 L.028
Tip (Theo) WP 108.470 1.627
MAC 199.8038 2.997
Fus. Sta. of .25 MAC 1463.50 21.953
W.P. of .25 MAC 635.522 9.533
B.L..of .25 MAC ' 0.00 0.00
Airfoil Section
Leading Wedge Angle -~ Deg,. 10,00 10.00
Trailing Viedge Angle - Deg. 154,920 14.920
Leading Edge Radius 2.00 0.030
Void Arcea 13.17 0.030
Blanketed Areca 0.00

0.00 . ‘




MODEL COMPOMENT:

-

TABLE IXII (Concluded)

WING-W

GENERAL DESCRIPTION:

Configuration L

NITE: Identical to Wy except airfoil thickness,

Dihedral angle is along trailing edge of wing.

MODEL SCALE: 0.015

MODEL DRAWING: SS-ACO]48

DRAWING NUMBER:

V70-30-906-01 (BCD)

25

DIMENSIONS: FULL-SCALE MODEL SCALE

TOTAL DATA
Area (Theo) th

Planform 2690.00 0.605
Wetted
Span (equivalent) (Theo) In. 936.68 15,050
Aspect Ratio 2.265 2.265
Rate of Taper : 1.177 1.177
Taper Ratio 0.200 0.200
Dihedral Angle, degrees ‘ 3.500 .500
Incidence Angle, degrees 0.500 - 0.500
Aerodynamic Twist, degrees +3,000 +3.000
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees _
Leading Edge Ls5.000 45.000
Trailing Edge _ -10.056 -10.056
h 0825 Element Line . 35.209 35,209
ords: :
Root (Wing Sta. 0.0) (Theo) B.P.0.0. ggqg oy 10.339
Tip, (equivalent) (Theo) B.P. 137.85 2.068
MAC L7h .81 7.122
Fus. Sta. of .25 MAC 1136.83 17.052
W.P. of .25 MAC 290,58 .359
B.L. of .25 MAC 182.13 2.732
Airfoil Section [ —
Root
Tip .

EXPOSED DATA R —
Area Ft? 1751.50 0.394
Span, (equivalent) (Theo) In. 8P103 720.68 10.810
Aspect Ratio 2,059 2.059
Taper Ratio ) 0.245 0.245
Chords

Root BP108 567,09 8,43
Tip 1.00 % _137.89 2.058
MAC _392.,83 5,692
Fus. Sta. of .25 MAC 18y .08 12,230
W.P. of .25 MAC 294,30 b g
B.L. of .25 MAC 251.77 3.777



SmajysAg SIXy

*T 2andid

26

Ajiro1B 4o
i21L8d 3yy wol £eon|dsip LB 3/ DL $AXD

’

A31j1anys put puim jo sulBiio ‘Ay1ipys Jo4 7

¢moliD AQ pajcolpul
9.0 $3|BuD pUD ‘54UB1D14150D JUBWCW

f5jpuBID14420D 2210} JO SUOIID3UIP BALYISCY |

$s2j0N

]




ITVOS TN SNOISNINIG

(CILYrUNIS ION S3TZZON Sdw)

0°TIE = &

89°9€6

mmnopmxm T9PCW  *2 e.mS1g

UCT1BINGTIUC) 435TQI0 ASS

o
£°0825T = X

‘B

g g6t

CL*STY

L*'9LoT sa

- lllﬂbl\.

27




/ Dimensions are in inches.

b. SILTS Pod
Figure 2., Model Sketches
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FILLET

0.1 inch strip of no. 50 grit at 0.063
inch measured perpendicular to L.E,

MAIN WING AND VERTICAL TAIL

0.1 inch strip of no. 50 grit at 0.28
inch measured perpendicular to L.E.

\

NOSE

0.1 inch strip of no. 50 grit at 1.2
inch measured streamwise

. ¢ Position of Transition Grit Used in Investigation

Figure 2. Concluded
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TABULATED SOURCE DATA

Tabulations of plotted data are available
from DMS upon request.
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